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I. INTRODUCTION

During the past quarter most of the effort In this program has been

devoted to studies of particle size effects.on burning rate. As pointe, •ut

in previous reports, rates will be determined for propellants prepared from

ammonium perchlorate In narrow size distributions. Methods of oxidizer

preparation have been developed and sufficient oxidizer has been prepared

for several small batc& s of propeilqnt. Accuracy of burning rate measurement

has been improved by moditication of the burning rate apparatus. Measurement

of burning rates is presently underway, and results will be reported in detail

at the end of the next quarter.

Further modification of the burning rate apparatus is underway to

control temperature of the purge gas In the strand burner. This wili provide

closer temperature control than is presently available and will allow operation

at both elevated and reduced temperatures in order to determine temperature

sensitivity of burning rates. This development will be reported further in

later reports.

11. EFFECTS OF PARTICLE SIZE ON BURNING RATE

A. Oxidizer Preparation

Ammonium perchiorate oxidizer is prepared In size ranges which are

spaced geoametrically from 13 to 420 microns. Each range Is of such extent

that nominally the ratio of the largest particle diameter to the smallest is

This system provides size fractions of oxidizer particles which are

geometrically sistler but varying in average size.

Particles in large sizes are prepared by sieving. A Syntron Model

T$S-31 sieve shaker is used with U.S. Standard sieves. Oxidizer received

fro* the mAnufacturer f~i is mainly between 74 and 420 microns. Using this as
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a feed material, five size ranges are obtained.

Particles in sub-sieve ranges are obtained by grinding the coarse

material in a Bantam Mlkro-Pulverizer and classifying by elutriation. The

elutriator is an air-gravity device. (For description, see Reference i.)

Particles are classified in a vertically rising air stream, the velocity of

the stream determining the cut-point. Superimposed on the steady flow is

a periodic pulse of air which serves to agitate the bed of oxidizer being

classified. During the past quarter an "dditional elutriating vessel has

been added to the system. There are now two elutriators in series with the

air velocity in the first twice that In the second. Oxidizer initially

placed in the first is subjected to two cuts and particles are obtained in

size ranges with large to small diameter ratios nominally equal to

An additional modification has been the attachment of metallic-impact vibrators

to the elutriator vessels. This type of vibrator has been found to be very

effective in preventing particles from adhering to surfaces. With the system

in its present form, it is satisfactory for preparing oxidizer for smell

batches of propeilant. The lower the cut-point, the longer the rlme required

for classification. The minimum cut-point for practical purposes is

approximately 14 microns. Oxidizer has been prepared in nominal ranges of

14 to 20 microns, and 20 to 28 microns. The size lisiributions of these two

fractions are shown In Figure 1, together with tho distributions of the five

coarse fractions previously mentioned.* These porticles size analyses were

obtained by liquid sedimentation as descriu• in Reference 2. Also Included

In Figure I Is the distribution of the fine material reiimved In making the

14 micron cut. This material will also oe used in proparing propellant.

* The distributions of the etutrleted factions are not aS narrow as those
obtoined by sieving, but it is expected that they are sufficiently narrow
for the .prposes of the program.
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It has been discovered that as fine particles are removed, the

courser material becomes free flowing and moisture sensitivity Is reduced. All

elutriated oxidizer thus far has been classified from the same initial batch

of ground material. One size range has been removed at a time, beginning with

the finest. When 28 micron particles and below had been removed, it was

found that the remaining material could be sieved. Thus, the sieving range

has been extended down to 37 microns (the lowest standard sieve size) by using

feed material which has been ground and subsequently elutriated to remove the

fines. Three additional size fractions are being prepared by this technique,

which are expected to have median diameters, respectively, of about 33, 45,

and 64 microns.

S. Propellant Preparation

In selecting a propellant formula for this program, both physical

properties and combustion chemistry were considered. In making propellant

with oxidizer in narrow size distributions, the oxidizer content must be

kept comparatively low, otherwise the viscosity of the uncured propellant

becomes too high. Consequently, a fuel Is needed which will have a near

stoichiometric equivalence ratio at iow oxidizer loading. For these reasons,,

Thiokol LP-3 was selected as a fuel. Maximum oxidizer loading was found to

be 65 percent. At greater loading, difficulties are encountered in deaeret--

and casting. At this loading, the equivalence rot * . ssmltntg all

su.fur remaining as sulfur in the products. Other work has indtI cated that

this is a valid assumption in this range. this equivalence ratio is equivalent

to an oxidizer loading of 75 to 60 percent in other combonly used fuels.

Consequently. this appeared to be a good choice of fuel to obtain results

which would be of interest. For the first stage of the program all propellant

will be prepared from LP-3 with GMF and sulfur as curing agents, and 65 percent

by weight of ammonium perchlorate.
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Propellant is mixed I1 300 to 400 gram batches In an Atlantic

Research Corporation Model 35 mixer. Propellant is vacuum cast through a

slit deaerator Into an evacuated desiccator. The mold, located in the

deaerator, is vibrated by means of a small electro-magnetic vibrator to

cause the propellant to settle. In order to prevent settling of large oxidizer

particles during curing, the mold is sealed on all sides and rotated slowly by an

ordinary rotisserie motor while in the oven.

After curing, the rectangular propellant block is cut into 1/4 inch

square strands for burning rate measurements. No restrictor material is applied.

We have found that In our new style strand burner (in which nitrogen sweeps

upward around the strand), polysulfide strands need only be dipped in waxer

briefly (to leach out surface oxidizer) to completely eliminate flashing

down the side.

C. Burning Rate Measurement

While our new style of strand burner is casically a Crawford bomb

(fuse wires, spaced at intervals of one to five inches, actuate electric

clocks as the flame passes by), a modification has been added which Is

found to considerably Increase the accuracy of the measurements. Within

the bomb a chimney has been mounted with an Internal diameter of approximately

one inch. The strand is mounted axially in this chimney and a stream of

purge gas (generally nitrogen) flows upwards past the strand during burning.

This configuration is shown In Figure 2. The upward flow of gas apparently

prevents burning on the sides of the strand and maintains a flat burning surface.

The shape of the burning surface haks been checked by a Water quench system

which Is associated with the apparatus. Strand burning rates appear to be

I~dependant of purge gas velocity except at vary low velocities. Rates
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obtained with this equipment generally show an experimental scatter of less

than plus-or-minus 2 percent. This has reduced the number of strands required

to determine a burning rate-pressure curve, and, consequently, has reduced the

amount of propellant required.

D. Future Particle Size Work

A series of propellants, each containing one of the oxidizer size

fractions described in th;s report, has been prepared. Burning rate measurements

on these propellants are in progress. Subsequently burning rates will be run

on propellants containing bimodal blends of these fractions and on some containing

oxidizer having a broad size distribution. Work beyond this will depend upon

the outcome of the present program, but it is probable that variations of fuel

concentration and type will receive attention.
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FIGURES

I. Ammonium Perchlorate Particle Size Fractions

2. Chimney Strand Burner
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